ABSTRACT. We present a static solution for d = 2 critical string theory including the tachyon T but not its potential V (T ). This solution thus incorporates tachyon back reaction and, when T = 0, reduces to the black hole solution. When T = 0 one finds that (1) the Schwarzschild horizon of the above black hole splits into two, resembling Reissner-Nordstrom horizons and (2) the curvature scalar develops new singularities at the horizons. These features, as we argue, will persist even with V (T ) present. Some possible methods for removing these singularities are discussed.
It is a challenging task to resolve the puzzles of gravitating systems such as the nature of singularities, the end effect of Hawking radiation, and information lost(?) inside the black hole. Recently there has been a renewed effort [1, 2] to solve these problems in the simpler context of two dimensional (d = 2) systems, using the string inspired toy models for quantum gravity the inspiration having come from the discovery of black holes in d = 2 critical strings [3, 4, 5] .
The d = 2 black hole for graviton-dilaton system was discovered as an SL(2, R)/U(1) gauged Wess-Zumino-Witten model [3] ; as a solution of O(α ′ ) β-function equations [6, 7] for critical string theory with d = 2 target space-time [4] ; and in other forms [5] . Similar toy models in d = 2 space-time for quantum gravity including matter were studied first by [1] and then by many others [2] with a view of solving various puzzles of gravitating systems in this simpler context. Most of these models have mainly studied the graviton-dilaton system.
For a more complete story, one should also include tachyon, the only remaining low energy degree of freedom for d = 2 strings (and which is not really tachyonic for d = 2). Though important, its inclusion results in non linear equations which are solved only in a few asymptotic cases [8, 2] . The solution of β-function equations for d = 2 strings including tachyons is not known. However, solving for tachyon in the d = 2 string black hole background leads to singular behaviour [4] . Thus it is important to understand the back reaction of tachyons for d = 2 critical strings, especially because of its importance as a model for d = 2 quantum gravity.
In this work we describe a static solution of the β-function equations for the low energy d = 2 critical string theory including tachyon T , but not its potential V (T ). This solution thus incorporates tachyon back reaction.
Though V (T ) is taken to be zero in obtaining the solution, we argue that including it will not alter the qualitative features of the solution. The solution has, beside the "black hole mass" parameter, a new parameter ǫ which is a measure of tachyon strength. We find that: (1) The Schwarzschild horizon of the previous black hole splits into two, resembling Reissner-Nordstrom horizons. However, the solution cannot be analytically continued in between the two "horizons". (2) The curvature scalar R has a point singularity, as for ǫ = 0, but now with ǫ > 0 develops new singularities at the horizons. Hence this solution is not really a black hole solution in the usual sense, though for
The sigma model action of the d = 2 critical string theory for graviton (G µν ), dilaton (φ), and tachyon, in a notation similar to that of [4] , is given by (µ, ν = 0, 1)
and the conformal invariance requires the following β-function equations to be satisfied:
. These equations also follow from the target space effective action
We proceed to solve the equations (1) in the target space conformal gauge 
The above equations obey one Bianchi Identity [6] ; hence, the last equation above for example, need not be solved and can only be used to determine some constants. We expect the fields to evolve depending on the local metric and hence look for their solutions in terms of
, etc. equations (3), using e.g.
, and
The curvature scalar is given by R = −4γe −Σ XF . We cannot solve these equations for the general case. T = 0 will give the solutions of [4] but with no tachyon back reaction. However, for V = 0 these equations can be solved.
The solution incorporates tachyon back reaction and, as we argue below, has features that are not altered when V = 0.
Thus taking K = 1 the equation for F ′′ gives, after dividing it by XF (1 +
where ǫ(≥ 0) is an integration constant chosen so that T 2 1 ≥ 0 (equivalently ǫ can be ≤ −1). Taking X = e s and F = e s f the above equation can be solved to get
In principle, this is the complete solution. But it is difficult to understand its implications. So we choose the parametrisation
and A is a constant. Note that (i) for l = −1 the constant in equation (4) is not real and hence the choice of l constitutes minimal analytic continuation; and (ii) by using residual conformal gauge transformation [10] we can set B = 1. The above equations then give
, etc. and noting thatẊ = ((1+ǫ)τ ) −1 F , equations (3) givė
, and τ 1 = −(1 + ǫ)τ X which can be integrated to obtain
where β 0 andα 0 are constants and m = ±1. The curvature scalar is given
Equations (5) and (6) form the solution of equations (3) terms in the tachyon equation in (3) ). From the expressions (∇T )
) one sees, for the solutions (5), that away from the asymptotic region (branch I, τ >> 1) the tachyon potential can indeed be neglected.
However, this is not true asymptotically. All the above terms are of the same magnitude and tachyon potential cannot be neglected. But it is reasonable to expect that the correct asymptotic solution with V included can be matched at some point to (5) which becomes more and more valid as one nears the horizon. That this is likely to be the case can also be seen by: (i) taking into account the tachyon back reaction in the asymptotic region by starting with asymptotic tachyon solution with V present and evaluating graviton-dilaton equations including T Hence it seems that neglecting tachyon potential is a reasonable approximation and that the qualitative features of the solution presented here will persist even when V (T ) is properly taken into account.
We now discuss some possible interaction terms that may remove the singularities, atleast the new ones:
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